Summary. Cryopreservation trials on rainbow trout (Salmo gairdneri) sperm were carried out using two basic extenders : Mounib's medium (M) and Ménézo's medium (Me) to which were added bovine serum albumin (BSA) and tellurite egg yolk (Institut Pasteur). After 10 p. 100 of DMSO was added to these different deep-freeze diluents (DD), they were mixed with the sperm and then deep-frozen into 100 !Ll pellets on dry ice. The pellets were stored in liquid nitrogen for periods lasting from 3 days to 6 months. The intensity of sperm motility and fertilizing ability were measured before and after cryopreservation. After the sperm was diluted in Ménézo's medium, slight spermatozoon motility was noticed, which probably caused their early exhaustion and would explain the lower fertilizing ability observed after thawing. Mounib's medium gave better results, especially after 10 p. 100 of egg yolk was added. The optimal deep-freeze conditions were : 1/3 dilution, no equilibration after dilution but immediate deep-freezing at a rate of 10 to 40 °C¡min. Thawing had to be carried out rapidly in 10 sec. However, the spermatozoa were altered during the freezing-thawing process, and during insemination more frozen spermatozoa had to be used to equal the fertilization rate obtained with non-frozen sperm. However, the fertile spermatozoa gave normal embryogenesis and no abnormal development was seen up to the vesicle resorption stage. At the end of spermiation, sperm fitness for deep-freezing decreased, perhaps due to sperm senescence. Pooling the sperm of several males partially compensated for the loss of fertilizing ability seen at the end of the reproductive period.
and rainbow trout (59 p. 100). However, a large amount of sperm was necessary for artificial insemination and the storage method, repeated in several laboratories, has not had great success. Recently, Stein and Bayrle (1978) deep-froze rainbow and brown trout sperm with 70 to 80 p. 100 fertilization, while Stoss et al. (1978) obtained very variable results (2 to 80 p. 100). When using Stein's technique, Stoss et at. (1978) had only 31 p. 100 fertilization. Finally, Mounib (1978) reported 80 p. 100 fertilization after deep-freezing salmon sperm and Erdahl and Graham (1978) obtained 90 p. 100 fertilization in the rainbow trout ; however, it is to be regretted that the type of deep-freeze diluent was not mentioned in the latter publication.
On the whole, the non-repeatable results obtained on different fish of the same species, the mediocre rate of success and the vagueness of some experimental conditions (amount of sperm used for artificial insemination, type of diluents used for freezing and thawing) show that no satisfactory technique has been developed for deepfreezing salmonid sperm.
The aim of the present work, carried out on the rainbow trout, is to define a repeatable, easy technique of deep-freezing. We studied the nature of the deepfreezing diluent, the sperm/diluent ratio and the crucial sperm dilution for insemination. « Intersperm » variability of deep-freezing fitness has also been discussed. The criteria used for evaluating sperm quality after thawing were motility, fertilizing ability and survival during embryonic development and vitelline resorption.
Materials and methods.
The experiments were carried out between December 1978 and February 1979. The 2-to 3-year old males began spermiation at the beginning of November, and were fasted for 48 h before each sampling. They were anesthetized with 0.3 ml/I of phenoxyethanol, the genital papilla was dried and the sperm was squeezed by abdominal pressure into hemolysis tubes in melting ice, then stored on a refrigerated surface at 4 !C. We used only samples uncontaminated by urine or feces and having considerable motility after dilution in the insemination diluent (ID) (Billard, 1980) or both (Mounib, 1978 (Billard, 1978 fig. 1 ). On the contrary, when 10 p. 100 of yolk was added, fertilizing ability after thawing was distinctly improved and the results were less variable. That effect was particularly clear with the 1/1 dilution (P < 0.01) and occurred again with the 1/3 dilution (P < 0.05), except for Mounib's medium -! BSA (at the significance limit). At a dilution of 1/9, the fertilizing ability was not improved by adding yolk to the DD. In general, the 1/3 dilution improved the fertilization percentages as compared to other dilutions (P < 0.05), except with the combinations of Mounib + BSA -! yolk and Mounib !-M6n6zo B 2 + yolk, which gave the same results as the 1j1 and 1/3 dilutions.
When we let the sperm-DD mixture equilibrate for 1 min before putting it on dry-ice, its fertilizing ability was the same as that of fresh sperm, but decreased significantly after deep-freezing (P < 0.05) (insemination at a 10-2 dilution, fig. 2 ). On the contrary if no equilibration time was allowed the fertilizing capacity, at 10-2 dilution, was usually the same before and after freezing (see fig. 3 ).
Effect of dilution rate on inseminated sperm. -The fertilizing ability of frozen or non-frozen sperm after dilution in 3 DD, Mounib, Mounib -+-BSA, Mounib + yolk was tested. Insemination was carried out at 1/100 and 1/1 000 in the ID. The 1/1 000 dilution of frozen sperm always gave significantly lower fertilization rates (P < 0.001) than the 1/100 dilution, which showed values similar to those obtained with the nonfrozen control sperm diluted at 1/1 000 ( fig. 3) . Thus, more frozen spermatozoa were needed to equal the fertilization percentages obtained with non-frozen spermatozoa.
« !ntersperm » variation in sperm fitness for deep-freezing and cryopreservation. -This experiment was carried out at the end of spermiation in mid-February. The sperm of 9 males, studied individually or pooled (equal male contribution), was frozen and the pellets stored either for several hours in dry-ice or for 6 months in liquid nitrogen before being used for insemination. The results obtained showed that there were few individual differences among the 9 males (P < 0.1), whatever the mode and length of storage. Before deep-freezing, the fertilizing ability of the pooled sperm was equal to that of the mean of the individual males, but after freezing the fertilizing ability was better than that of the best males, whether the sperm was stored for several hours or deep-frozen for 6 months (P < 0.05 in both cases). It thus seems that the fertilizing ability did not decrease after 6-month storage of either the pooled sperm or that of the whole of the 9 males.
Effect of deep-freezing sperm on embryonic survival. -Examination during embryogenesis, after hatching and during vitelline resorption showed no mortality or abnormal development of the embryos or the fry from eggs inseminated with frozen sperm.
Discussion.
The results of the present study show that rainbow trout sperm can be cryopreserved for at least several months ; some diluents we used gave satisfactory results and we worked out a freezing-thawing-insemination technique.
Our research has been limited to comparing and improving two diluents used previously with partial success : Mounib's diluent (Mounib, 1978 ) and Ménézo's B2 diluent (Billard, 1978 (Watson, 1975 (1978), we did not find any toxicity, so that the lower fertilizing ability of cryopreserved sperm was certainly due to the freezing itself and not to and additionnal, deleterious effect ofthe diluent. This lower fertilizing ability was perhaps at least partially compensated for by a reduced dilution rate at insemination (1/100 instead of 1/1 000), the dilution rate limit with fresh sperm being 1/1 000 and sometimes 1/10 000 with sperm of exceptional quality. The combination of Mounib medium + yolk + DMSO dit not entirely conserve the performance of fresh sperm and must be improved. In that respect, we observed that the favorable effect of yolk faded when its concentration and that of DMSO increased ; however, in our study, the concentration of those components and the dilution of sperm before freezing varied simultaneously so the effect of those parameters could not be disassociated. It would be profitable therefore to determine the optimal ratio of yolk to DMSO for the 1/3 dilution which seemed to be the best.
Variation (Mounib, 1978 ; 
